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Abstract We present theoretical predictions for the produc-
tion of top-quark pairs in association with jets at the LHC in-
cluding electroweak (EW) corrections. First, we present and
compare differential predictions at the fixed-order level for
tt¯ and tt¯+ jet production at the LHC considering the domi-
nant NLO EW corrections of orderO(α2s α) andO(α3s α) re-
spectively together with all additional subleading Born and
one-loop contributions. The NLO EW corrections are en-
hanced at large energies and in particular alter the shape of
the top transverse momentum distribution, whose reliable
modelling is crucial for many searches for new physics at
the energy frontier. Based on the fixed-order results we mo-
tivate an approximation of the EW corrections valid at the
percent level, that allows us to readily incorporate the EW
corrections in the MEPS@NLO framework of SHERPA com-
bined with OPENLOOPS. Subsequently, we present multi-jet
merged parton-level predictions for inclusive top-pair pro-
duction incorporating NLO QCD+EW corrections to tt¯ and
tt¯ + jet. Finally, we compare at the particle-level against a
recent 8 TeV measurement of the top transverse momentum
distribution performed by ATLAS in the lepton+jet channel.
We find very good agreement between the Monte Carlo pre-
diction and the data when the EW corrections are included.
1 Introduction
The study of top-quark production and decay plays a key
role in the ongoing physics programme of the LHC. Mea-
surements in the different production modes can be used
for detailed exploration of top-quark interactions as well as
properties such as the top-quark mass, which is one of the
fundamental parameters of the Standard Model (SM). At
the same time, top-quark production and in particular top-
quark pair production represents an important and challeng-
ing background in many searches for physics beyond the
Standard Model (BSM). The sensitivity of many of these
searches depends in a critical way on the precision of theo-
retical simulations in particular in the tails of kinematic dis-
tributions.
Theoretical predictions for tt¯ production (in associateion
with jets) at hadron colliders are indeed very advanced. For
on-shell top-quarks higher-order corrections have been cal-
culated fully differentially up to NNLO in the strong cou-
pling [1,2] and up to NLO in the EW coupling [3–8]. These
calculations have also been combined within a joint setup [9,
10]. In fact, here also the subleading one-loop corrections,
first considered in [8], have been included. Considering tt¯
production in association with additional jets, for tt¯+ jet [11,
12], tt¯ + 2 jets [13–17] and even tt¯ + 3 jets [18] higher-
order corrections are known at NLO QCD reducing the oth-
erwise significant theoretical uncertainties in the modelling
of top-pair plus multi-jet signatures, relevant for tt¯H and
new-physics searches. Beyond the on-shell approximation,
NLO QCD corrections for combined tt¯ production and de-
cay have first been studied in the narrow-width-approxima-
tion (NWA) [6, 19, 20] and later also fully off-shell based
on the W+W−bb¯ final-state with off-shell leptonic [21–25]
and semi-leptonic [26] decays. Including off-shell leptoninc
decays also the NLO EW corrections are known [27]. Fur-
thermore, NLO QCD corrections to top-pair production in
association with an additional jet combining corrections in
production and decay have been computed in the NWA [28]
and also fully off-shell with leptonic decays [29]. Finally,
in [8, 9] the photon-initiated production of top-quark pairs
has been studied.
Particle-level Monte Carlo generators matching
NLO QCD matrix elements to parton showers have been
available for quite some time for inclusive tt¯ production [30,
31] and since recently for tt¯+ jet [32–34] and tt¯+2 jet [35–
40] production. In fact, in [38] a unified description of top-
pair plus multi-jet production has been presented merging
tt¯+0,1,2 jets at NLO QCD within the MEPS@NLO frame-
work of SHERPA+OPENLOOPS [41–43]. The NLO QCD
computation for combined top-pair production and decay in
the NWA has been matched to parton showers [44], and the
matching of fully off-shell NLO QCD top-pair production
including leptonic decays was presented in [45]. The lat-
ter required the development of a modified resonance-aware
NLO matching scheme [46].
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2Experimental cross-section measurements for top-pair
production at the LHC are similarly advanced. After ini-
tial measurement at the inclusive cross section level [47–
52], where very good agreement with perturbative calcula-
tions at the NNLO+NNLL level in QCD [1,53,54] has been
observed, the attention in the study of top-pair production
has shifted towards detailed differental measurements, see
e.g. [55–63]. One of the most important observables in tt¯
production, in particular relevant for beyond the Standard
Model searches at the energy frontier, is the transverse mo-
mentum distribution of (reconstructed) top quarks. Different
measurements of this observables consistently indicate that
the top quark transverse momentum distribution at low pT
is well predicted by the employed Monte Carlo programs,
both in normalisation and shape, but these predictions ex-
ceed the data at high pT. Comparing these measurements at
the unfolded parton level to differential NNLO QCD predic-
tions [2], this excess has been alleviated. This indicates the
relevance of including higher jet multiplicities for the mod-
elling of the top transverse momentum spectrum at large pT.
At the same time at large pT the higher-order EW correc-
tions are enhanced due to the appearance of EW Sudakov
logarithms [3–8, 27] yielding shape distortions at the level
of −10% for pT,top = 1 TeV.
In this paper we present multi-jet merged predictions
for top-pair production including QCD and EW corrections.
To this end, we first present the original calculation of tt¯+
jet production at NLO EW, i.e. the corrections of O(α3s α),
and we also consider the subleading one-loop corrections
of O(α2s α2) and O(αsα3). We compare these corrections
with the corresponding ones for inclusive tt¯ production. This
comparison allows to estimate non-factorising NNLO mixed
QCD-EW contributions to tt¯ production. Furthermore, we
present predictions merging tt¯ and tt¯+jet production at NLO
QCD+EW within the MEPS@NLO multi-jet merging frame-
work in SHERPA combined wit OPENLOOPS, incorporating
the EW corrections in an approximation [64] that we show
holds at the one percent level. In this approximation, the
dominant virtual NLO EW corrections are incorporated ex-
actly, while the NLO QED bremsstrahlung is first integrated
out and subsequently incorporated via YFS multi-photon
emission [65]. Finally, we compare the resulting MEPS@NLO
QCD+EWvirt predictions, including spin-correlation preserv-
ing top-quark decays at LO, for the reconstructed top-quark
transverse momentum distribution at particle-level against a
recent measurement performed by ATLAS in the lepton+jet
channel at 8 TeV, based on a selection of top-quark candi-
dates in the boosted regime [59]. We find very good agree-
ment between the Monte Carlo prediction and the data when
the EW corrections are included.
The structure of this paper is as follows. In Section 2 we
present fixed-order predictions for tt¯ and tt¯+ jet production
including all one-loop electroweak corrections. In Section 3
we present the methodology of incorporating the NLO EW
corrections in the MEPS@NLO framework. Resulting pre-
dictions at parton- and particle-level merging the zero and
one jet multiplicties at NLO QCD+EW are presented in Sec-
tion 4. We conclude in Section 5.
2 Electroweak corrections for pp→ t t¯ + 0, 1 jet
In the following we present electroweak corrections to the
processes
pp→ tt¯ and pp→ tt¯+ jet , (2.1)
which are described at leading order (LO) at O(α2s ) and
O(α3s ), respectively. Additionally, there are subleading Born
contributions of O(αsα) and O(α2) to pp→ tt¯ production
and of O(α2s α) and O(αsα2) to pp→ tt¯+ jet production.1
The O(αsα) contribution to tt¯ production is strongly sup-
pressed as only b-quark-initiated processes contribute where
diagrams involving a t-channel W± exchange interfere with
diagrams involving an s-channel gluon. All other contribu-
tions vanish due to their colour structure. In tt¯+ jet produc-
tion all qq¯ channels contribute at both subleading Born or-
ders.
At the one-loop level the electroweak corrections com-
prise O(α2s α), O(αsα2) and O(α3) contributions to tt¯ pro-
duction, andO(α3s α),O(α2s α2) andO(αsα3) contributions
to tt¯+jet production. Customarily, the leading one-loop elec-
troweak contributions are denoted as NLO EW corrections,
i.e. the relative corrections of O(α) with respect to the LO
processes. At large energies these contributions develop a
logarithmic enhancement that factorises from the respective
LO contributions [67–69].
In order to introduce the notation, we define the compo-
nents of a O(α isα j) Born-level computation as
dσLOi j = dΦB Bi j(ΦB) (2.2)
Therein, Bi j is the O(α isα j) matrix element including all
PDF and symmetry/averaging factors and dΦB is its accom-
panying phase-space configuration. As a shorthand notation
corresponding predictions are denoted as LOi j. Correspond-
ingly, we define a one-loop correction of O(α isα j) as
dσ∆NLOi j = dΦB V˜i j(ΦB)+dΦR Ri j(ΦR) . (2.3)
Here, Rij and dΦR denote the corresponding real-emission
matrix element and phase space, respectively, while V˜i j con-
tains the virtual correction Vi j as well as the collinear coun-
terterm of the PDF mass factorisation. Again as a short-hand
notation these one-loop corrections are denoted as ∆NLOi j.
1 In our calculation we do not consider photon induced processes. As
shown in [9] these contribute only at the one percent level for tt¯ pro-
duction given PDFs based on the LUXqed methodology [66] are used.
We verified that this also holds for tt¯+ jet production, where relative
contributions of photon-induced production are even smaller compared
to tt¯ production.
3All these contributions to tt¯ and tt¯+ jet production can
readily be computed within the SHERPA+OPENLOOPS frame-
work.2 In this framework the virtual corrections are com-
puted with the OPENLOOPS amplitude provider [70–72],
which implements a very fast hybrid tree-loop recursion to
construct and compute one-loop scattering amplitudes in the
full SM. For the integral reduction OPENLOOPS is inter-
faced with COLLIER [73] and CUTTOOLS [74]. The tree-
level matrix elements as well as the infrared subtraction,
process management and phase-space integration of all con-
tributing partonic channels, are provided by SHERPA through
its tree-level matrix element generator AMEGIC [75]. In
SHERPA, infrared divergences are subtracted using a gener-
alisation of the Catani-Seymour scheme [76–80], used pre-
viously in [64, 72, 81–84], and include the appropriate ini-
tial state mass factorisation counter terms. Cross-checks of
the renormalised pole coefficients of the virtual corrections
computed by OPENLOOPS and the infrared poles supplied
by SHERPA have been performed and excellent agreement
has been found.
For our predictions of tt¯ and tt¯+jet production we choose
input parameters in accordance with Table 1. The electroweak
coupling α is fixed and renormalised according to the Gµ -
scheme, α =
√
2
pi Gµ
∣∣µ2W sin2θw∣∣, guaranteeing an optimal de-
scription of pure SU(2) interactions at the EW scale. Here,
µW denotes the complex-valued W mass, with µ2V = m2V −
iΓVmV and θw the equally complex valued weak mixing an-
gle, derived from the ratio µW/µZ . The massive vector bosons
and the Higgs are renormalised in the complex-mass scheme
[85], while the top-quark is kept stable and correspondingly
renormalised in the on-shell scheme. The introduction of fi-
nite widths for the massive vector bosons is mandatory due
to the appearance of otherwise singular resonant internal
propagators in the bremsstrahlung to tt¯+ jet production. As
renormalisation and factorisation scales for the strong cou-
pling αs we use
µ = µR = µF =
1
2
(ET,t +ET,t¯) , (2.4)
where ET,t/t¯ denotes the transverse energy of the top/antitop.
In the predictions for top-pair plus jet production we recom-
bine collinear photon–quark pairs within a cone of Rγq < 0.1
and cluster jets according to the anti-kT algorithm imple-
mented in FASTJET [86] and require
pT, j > 30 GeV , and |η j|< 4.5 . (2.5)
Jets with a photonic energy fraction larger than zthr = 0.5 are
discarded. No phase space cuts are applied to the final state
top quarks.
We work in the five-flavour scheme and use the
NNPDF3.0nnlo PDF set [88] with αs = 0.118 interfaced
2 The extension of these tools to provide higher-order electroweak cor-
rections will very soon be publicly released.
Gµ = 1.1663787 ·10−5 GeV2
mW = 80.385 GeV ΓW = 2.0897 GeV
mZ = 91.1876 GeV ΓZ = 2.4955 GeV
mh = 125 GeV Γh = 4.07 MeV
mt = 173.2 GeV Γt = 0
Table 1: Numerical values of input parameters. While the
masses are taken from [87], the widths are obtained from
state-of-the-art calculations.
through LHAPDF6 [89]. The initial state QED evolution we
thereby neglect has been shown to be negligible for tt¯ pro-
duction [8]. Here we present results for the LHC at a centre-
of-mass energy of 13 TeV. However, the relative electroweak
corrections are fairly insensitive to the centre-of-mass en-
ergy, and choices of µR and µF .
In Figure 1 we show the NLO EW corrections together
with the effect of the subleading Born and one-loop con-
tributions to the top quark transverse momentum and the
tt¯ invariant mass in tt¯ and tt¯+ jet production. We find that
the NLO EW corrections exhibit the expected electroweak
Sudakov-like shape. They are small at low transverse mo-
menta and invariant masses and continuously grow to reach
−10(20)% at a top-quark transverse momentum of 1(2) TeV
and −5(10)% at tt¯ invariant masses of 2(4) TeV, respec-
tively. The NLO EW corrections to the tt¯+ jet process re-
produce those to the inclusive tt¯ process to very high ac-
curacy in these observables. Their ratio never exceeding a
few percent. Thus, the electroweak corrections factorise to
a very good approximation with respect to additional jet ac-
tivity. This finding supports a multiplicative combination of
QCD and NLO EW corrections in tt¯ production.
In Figure 1 subleading Born and one-loop contributions
are shown with lighter shades of the colour of the respective
processes, dash-dotted lines containing only the subleading
Born contributions and solid lines containing all subleading
Born and one-loop contributions. The subleading Born and
one-loop orders contribute only at the percent level to the
transverse momentum distribution, both for tt¯ and tt¯+ jet
production. In particular, while for both tt¯ and tt¯+ jet the
subleading Born contributions (LO11 and LO21, respectively)
are negligible, the inclusion of the sub-subleading Born con-
tributions (LO02 and LO12, respectively) increase the cross
section an almost constant ≈ 1%. On the other hand, for the
invariant mass of the tt¯-pair these subleading Born contribu-
tions show a different behaviour for inclusive tt¯ production
and tt¯ production in association with a jet. While for the lat-
ter we again observe an almost constant increase of the cross
section by 1-2%, there is a clear shape distortion induced in
the case of inclusive tt¯ production. Here, for mtt¯ > 2 TeV
the subleading Born contributions, largely dominated by the
LO21 contribution, amount to ≈ 12 the NLO EW correction,
only with opposite sign. The resulting compensation needs
to be accounted for. Here, the subleading one-loop correc-
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Fig. 1: Top quark transverse momentum (left) and top-antitop invariant mass (right) in inclusive tt¯ production (blue) and
tt¯+ jet production (red) at NLO EW at 13 TeV at the LHC. In tt¯+ jet we require pT > 30GeV. The top panel shows the
differential cross section, while the three lower panels show, from top to bottom, the subleading Born and higher-order
corrections to inclusive tt¯ production and tt¯+ jet production, respectively. Subleading Born and one-loop contributions are
shown with lighter shades of the colour of the respective processes, dashed lines containing only the subleading Born con-
tributions and solid lines containing all subleading Born and one-loop contributions. The lowest panel shows the ratio of the
NLO EW corrections to the two processes. Corrections based on the NLO EWvirt approximation are shown as the dashed
line of the same colour as the exact NLO EW result.
tions are dominated by the ∆NLO22 contributions and can
in some sense be understood as the NLO QCD corrections
to the sub-subleading Born of LO12. However, we want to
note that the O(α2s α2) bremsstrahlung also comprises ttV
production withV → qq¯ decays, whereV = {W±,Z}. Thus,
in principle care has to be taken when such processes are
considered as separate backgrounds in BSM searches. How-
ever, these subleading one-loop corrections contribute only
at the percent level, with an increasing effect at very large
mtt¯ .
In Figure 1 we also investigate the quality of the so-
called EWvirt approximation [64] defined as
dσNLO EWvirt = dΦB
[
B(n+2)0(ΦB)+V(n+2)1(ΦB)
+
∫
1
dΦ1 R
approx
(n+2)1(ΦB ·Φ1)
]
,
(2.6)
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Fig. 2: Leading jet transverse momentum in tt¯+ jet produc-
tion at NLO EW at 13 TeV at the LHC. The top panel shows
the differential cross section, while the lower panel shows
the subleading Born and one-loop electroweak corrections.
Colour and line coding as in Figure 1.
where n denotes the jet multiplicity in tt¯ + n jet produc-
tion. We define the approximated real-emission contribution
Rapprox
(n+2)1 such that its integral over the real-emission phase
space equals the standard Catani-Seymour I-operator. This
approximation is both finite and local in the Born phase
space and can hence be easily applied as a corrective weight
in the multijet merging introduced in Section 3. By construc-
tion, it is expected to correctly reproduce the exact NLO EW
corrections in the Sudakov limit, but also contain important
non-logarithmic terms extending its validity in practice.
In Figure 1 the result using this approximation is detailed
as the dashed line of the same colour as the exact NLO EW
result. We find generally very good agreement, especially
for the transverse momenta of the top quark in both tt¯ and
tt¯+ jet production. Small differences are found for the in-
variant mass of the tt¯-pair at values larger than 1 TeV, grow-
ing to relative difference of 1% at 5 TeV.
Finally, Figure 2 details the higher-order EW corrections
to the leading jet transverse momentum in tt¯+ jet produc-
tion. Similar but smaller corrections as in the top transverse
momentum distribution are observed. In particular, we find
NLO EW corrections of about −10% at 2 TeV. Subleading
Born and one-loop corrections are marginally relevant, i.e.
they contribute below one percent. Again, we observe a very
good agreement of the NLO EWvirt approximation with the
exact NLO EW result.
3 MEPS@NLO QCD+EWvirt
To illustrate how electroweak corrections can easily be em-
bedded in the multijet merging techniques used in the
SHERPA Monte Carlo event generator, we start with a sche-
matic review of the MEPS method [41–43, 90–93]. The aim
is to generate inclusive event samples with a variable jet
multiplicity, wherein the hardest n = 0,1, . . . ,nmax jets, ac-
cording to a measure Qn, are described by the respective n-
jet matrix elements at LO or NLO accuracy. A resolution
criterion, Qcut, is introduced to separate the n-jet state from
the n+1-jet state. Thus, in every matrix element Q1 > .. . >
Qn > Qcut holds.
In the leading order formulation of this merging method
[41], MEPS@LO, the exclusive cross section with exactly
n< nmax jets reads
dσMEPS@LOn
= dΦn Bn(Φn)Θ(Qn−Qcut)Fn(µ2Q ;<Qcut) .
(3.1)
As in Section 2, Bn is the relevant Born matrix element in-
cluding all PDF and symmetry/averaging factors, and Φn is
the n-jet phase space configuration. Throughout, only the
LO contribution, O(α2+ns ) for tt¯+n jet production, are con-
sidered. The Θ -function ensures that all jets are resolved.
Finally, the parton shower generating functional Fn(µ2Q ;<
Qcut) applies a truncated vetoed parton shower to the n-jet
configuration, ensuring that all emissions fall into the un-
resolved region, Q < Qcut. For the highest mulitplicity pro-
cess, n= nmax, the veto is relaxed to Qnmax to arrive at a fully
inclusive description. Through its veto it also applies a Su-
dakov form factor weight to the n-jet configuration, resum-
ming the hierarchy of reconstructed parton shower branch-
ings µ2Q = t0, t1, . . . , tn. Together with the CKKW scale choice,
µR = µCKKW, defined through [90, 94]
α2+ns (µ
2
CKKW) = α
2
s (µ
2
core) ·αs(t1) · · ·αs(tn) , (3.2)
and µF = µQ = µcore a smooth transition across Qcut is en-
sured. The core scale is chosen as [37, 38]
µcore =
1
2
(
1
sˆ
+
1
m2t − tˆ
+
1
m2t − uˆ
)− 12
. (3.3)
on the reconstructed core 2→ 2 process.
When upgrading the theoretical accuracy of the input n-
jet cross section to NLO QCD accuracy one arrives at the
MEPS@NLO method [42, 43]. Its exclusive n-jet cross sec-
6tions, with n< nNLOmax , are defined as
dσMEPS@NLOn
=
[
dΦn B¯n(Φn)F¯n(µ2Q ;<Qcut)
+dΦn+1 Hn(Φn+1)Θ(Qcut−Qn+1)Fn+1(µ2Q ;<Qcut)
]
×Θ(Qn−Qcut) ,
(3.4)
based on the MC@NLO expressions of [95–97]. Therein, the
B¯n term are the so-called MC@NLO standard events describ-
ing the production of n resolved partons with Qn > Qcut
at matrix-element level including virtual corrections. The
(n+1)-th emission is generated through a fully colour- and
spin-correlated one-step parton shower F¯n [95], restricted
to the unresolved region. The B¯n function takes the form
B¯n(Φn) = Bn(Φn)+ V˜n(Φn)
+
∫
dΦ1 Dn(Φn,Φ1)Θ(µ2Q− tn+1) .
(3.5)
wherein V˜n(Φn) consisting of virtual QCD corrections and
initial-state collinear mass-factorisation counterterms and Dn
is the evolution kernel of F¯n [42] and the Θ -function re-
stricts the parton shower phase space. The Hn term, on the
other hand, corresponds to so-called MC@NLO hard events.
Its purpose is to correct the approximate emission pattern of
the F¯n resummation kernels and guarantee NLO QCD accu-
racy. It is thus also subject to the (Qn+1 <Qcut) requirement.
Again, for n= nNLOmax = nmax, the requirement on the (n+1)-
th emission is relaxed to Qnmax . The Hn function takes the
form
Hn(Φn+1) = Rn(Φn+1)−Dn(Φn+1)Θ(µ2Q− tn+1) , (3.6)
wherein Rn(Φn+1) denotes the real-emission matrix elements.
It is possible to set nNLOmax < nmax, i.e. describing only the
nNLOmax lowest jet multiplicities at NLO QCD accuracy and
adding the next nmax−nNLOmax jet multiplicities at leading or-
der. The resulting MENLOPS method [43, 93, 98] use eq.
(3.4) to describe the multiplicities described at NLO QCD.
The subsequent LO multiplicities with n= nNLOmax +k (k> 0)
are defined through
dσ (MENLOPS)n
= dΦn knNLOmax (ΦnNLOmax (Φn))Bn(Φn)Θ(Qn−Qcut)
× Fn(µ2Q ;<Qcut)
(3.7)
i.e. it supplies the MEPS@LO expression of eq. (3.1) with the
local K-factor, defined on the highest multiplicity described
at NLO QCD,
kn(Φn) =
B¯n(Φn)
Bn(Φn)
(
1− Hn(Φn+1)
Bn+1(Φn+1)
)
+
Hn(Φn+1)
Bn+1(Φn+1)
.
(3.8)
This expression expands to O(αs) such that the leading or-
der accuracy of the n-jet sample is not affected. Here
ΦnNLOmax (Φn) denotes the projection of the n-jet phase space
on the nNLOmax -jet one, taken from the identified cluster history
constructed during the identification of the emission scales
ti [41]. This K-factor is constructed such that the combi-
nation of the exclusive nNLOmax -jet process at NLO QCD and
the inclusive (nNLOmax + 1)-jet process at LO reproduces the
inclusive nNLOmax -jet process at NLO QCD exactly and, thus,
minimises discontinuities across Qcut. The inclusion of addi-
tional jet multiplicities at LO is in particular relevant for the
reliable modelling of tt¯+multijet signatures in BSM back-
ground simulations.
In order to incorporate approximate NLO EW correc-
tions in the MEPS@NLO framework we replace the usual
NLO QCD B¯n function of eq. (3.5) with [64]
B¯n,QCD+EW(Φn)
= B¯n(Φn)+Vn,EW(Φn)+ In,EW(Φn)+Bn,sub(Φn) .
(3.9)
incorporating NLO EW corrections in the EWvirt approxi-
mation defined in eq. (2.6), together with subleading Born
contributions. Again, Vn,EW(Φn) and In,EW(Φn) represent
the renormalised virtual corrections of O(α2+ns α) and the
approximate real emission corrections of the same order, in-
tegrated over the real emission phase space, in the form of
the NLO EW generalisation of the Catani–Seymour I oper-
ator, respectively, as discussed in Section 2.
In the multijet merged setup, the real emission correc-
tions as well as the additional LO multiplicities are supplied
by COMIX [99] and then showered using the CSSHOWER
[100] based on Catani–Seymour splitting kernels. In the fol-
lowing, we perform both a technical validation of the pre-
sented algorithm at parton-level and then compare the full
particle-level simulation including spin correlated LO top-
quark decays against data.
4 Results
In Figures 3 and 4 we present parton-level multi-jet merged
MEPS@NLO QCD+EWvirt predictions at the LHC with
13 TeV. Here the top quark is treated as stable and no non-
perturbative effects are included. Input parameters and set-
tings are chosen as detailed in Section 2. We merge tt¯ plus
zero and one jet production based on NLO matrix elements
including O(αs) QCD corrections and O(α) EW correc-
tions in the EWvirt approximation. In all merged predictions
we choose Qcut = 30 GeV. 3 The effect of additionally in-
cluding the subleading Born contributions ofO(α1+ns α) and
3 In Appendix B of [64] it was shown that even for the prediction of
observables in the multi-TeV regime the associated uncertainty related
to variations of the merging scale are very small.
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Fig. 3: Top-quark transverse momentum distribution (left) and top-antitop invariant mass (right) at parton-level with stable
tops for the LHC with 13 TeV. Compared are MEPS@NLO QCD and MEPS@NLO QCD+EWvirt predictions and the effect of
subleading Born contributions. Error bands are due to QCD scale variations.
O(αns α2) in the merging is shown explicitly. In order to al-
low for a direct comparison with the corresponding fixed-
order results we chose renormalisation and factorisation sca-
les according to Eq. (2.4). The shown error bands indicate
resulting factor-2 QCD scale variations. In the ratio of the
MEPS@NLO QCD+EWvirt predictions over the MEPS@NLO
QCD predictions we recover EW correction factors consis-
tent with the fixed-order results presented in Section 2. The
same also holds for the effect of the subleading Born contri-
butions.
Finally, in Figure 5 we present full particle-level
MEPS@NLO QCD+EWvirt predictions for multijet-merged
top-pair production including spin-correlated top quark de-
cays [101] in the semileptonic decay channel. Here, also
non-perturbative effects due to multiple interaction simula-
tion [102], hadronisation [103] and hadron decays, as well as
higher-order QED effects included through the soft-photon
resummation of [65] have been included. These predictions
are compared to experimental data taken by the ATLAS ex-
periment [59] at the LHC at 8 TeV measuring the transverse
momentum distribution of reconstructed top-quark candi-
dates. The corresponding analysis is implemented in RIVET
[104] and entails a reconstruction of the transverse momen-
tum of the hadronically decaying top-quark candidates with
pT > 300 GeV. In this measurement, the boosted top-quark
candidate is identified as a single large-radius jet (R = 1.0)
using jet substructure techniques.
We find a significant improvement of the agreement be-
tween MC simulation and data when electroweak correc-
tions are included, although the statistical prowess of the
data sample as well as the high-pT reach are limited in this
measurement.
5 Conclusions
In this paper we have presented the first predictions for top-
pair plus jet production including Born and one-loop EW
corrections. We compared these corrections with the ones
for top-pair production and overall found a universal be-
haviour indicating a factorisation of the EW corrections with
respect to additional jet radiation. Subsequently, based on
the MEPS@NLO multijet merging framework in SHERPA
combined with OPENLOOPS, we derived parton- and particle-
level predictions for inclusive top-pair production includ-
ing NLO QCD and EW corrections. The EW corrections
are incorporated in an approximation, based on exact vir-
tual NLO EW contributions combined with integrated-out
QED bremsstrahlung. We showed that this approximation is
able to reproduce the full NLO EW result for tt¯ and tt¯+jet
production at the percent level. Comparing our predictions
against a recent measurement for the top-quark pT-spectrum
performed by ATLAS in the lepton+jet channel we find very
good agreement between the NLO Monte Carlo predictions
and data when the EW corrections are included.
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Fig. 4: Leading jet transverse momentum distribution at
the LHC with 13 TeV comparing MEPS@NLO QCD and
MEPS@NLO QCD+EWvirt parton-level predictions. Error
bands are due to QCD scale variations.
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